EUV lithography:
NXE:3100 isin use at customer sites and
building of NXE:3300B has started

Rudy Peeters
EUVL October 2011



Progress with respect to the conference last year

* NXE:3100:

* achieved six shipments

* complete imaging data set for all device applications and
sub-20nm resolution

* overlay capability of <1nm shown

* now sources integrated and used for wafer exposures at
customer sites

* NXE:3300B:
* body fully integrated and under vacuum
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Industry roadmap towards < 10 nm resolution
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EUV simplifies process and reduces cost

LELE relative to EUV,

Process steps X2

Cycle time X2

Additional costs < 10% Cycle time

Process steps
Cycle time

Additional costs

Double

Spacer

Data is based on Customer interaction
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DPT relative to EUV

Process steps x4

x4

Additional costs 30-50%

QPT relative to EUV
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ASML EUV Product Roadmap

Resolution

NA/ o

Overlay
(DCO/MMO)

Throughput W/hr

Dose

2006 2011 2012 2013

Proto System NXE:3100 NXE:3300B NXE:3300C
32 nm 27 nm 22 nm 18/16* nm
0.25/0.5 0.25/0.8 0.33/0.2-0.9 0.33/ OAl
<7nm < 4/7 nm < 3/5nm < 2.5/4.5 nm

4 W/hr 60 W/hr 125 W/hr 150 W/hr

5 md/cm? 10 md/cm? 15 md/cm? 15 md/cm?2

Main improvements
1) New EUV platform: NXE

2) Improved low flare optics
3) New high sigma illuminator
4) New high power source

5) Dual stages

* Requires <7 nm resist diffusion length

Main improvements

Platform enhancements

1) New high NA 6 mirror lens 1) Off-Axis illumination
2) New high efficiency illuminator 2) Source power increase
3) Off-axis illumination option

4) Source power increase

5) Reduced footprint
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EUV has arrived worldwide in fabs

e ASJJ\L i ‘%;AS’AL !
FE ot —E .
= ¥ ' = |
_ — , /

System 1 / : System 4:
Exp_osmg waters for Exposing wafe.rs for
device development device development

. <« 48
e ASML i
' _,_i\._‘_-—\ I- %’;AS’\*L i
— ’
B l
~ . =

System 2 =y
Exposing wafers for ]
device development < > - 2¥s;3;?ofr’r;er

,:,‘ IBIH!IHI%
& ASIJIL . [ s LAYLL exposures done
| # e AsmL
L J ";ll Lol et | § J ﬁ//f -
% ‘ ﬁ il _—
- . l / = = =
System 3: o System 6:
Exposing wafers for Shipped
device development 4
S ASML
Slide 8 | Public NN



The NXE:3100 has exposed more than 2500 wafers

2500

2000

1500

1000

Total wafers exposed

500

and is enabling device development at customer sites

3000

Module and system
integration
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| I |
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4
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NXE:3100 sub-system performance meets design
targets and supports sub-27 nm imaging
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Computational lithography ready to further improve
EUV process window Tachyon NXE

Flare analysis

Chip design  Optics flare function
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Tachyon model can predict Flare
Flare profile induced on mask for model verification

Through scan flare Proto/ADT NXE:3100
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Good Resolution of 22 nm Dense Lines and 27 nm

Contact Holes

25/50 nm .22/44 nm

27/54 nm

27/54 nm
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NXE:3100 imaging performance proven for
customer use cases

on

27 nm Gate Layer Flash staggered contact layer
Flash Bitline pitch = 44 nm (1:1.2)
CH pitch = 74.4 nm

U

16 hm node

=T |

Sub 16 nm node Sub

SRAM Contact Hole SRAM metal-1
0.038um2 bit cell-size, 0.038um2 bit cell-size,
hp 30/32 nm hp 30/32 nm ///
VR s
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to support process development
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Dedicated chuck overlay of <1nm can be achieved

:3100 systems

on multiple NXE
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Capability for 7nm on product overlay performance
shown NXE:3100 matched to NXT:1950i (ArF immersion)

15

Zone alignment, Corrections per exposure
and 10 parameter calibration applied
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MODELING OF FIRST 5-WAFERLOT ON
NXE:3100 - UNMATCHED

Remove batch mean translation offset

(7)) -
D 18
+ 16 -
= 14 - Remove average batch correctables (10 par model
S 12 rrections per exposure
= o -
8 mX
6 1 my
4 .
2 .
0
Measured Mean off-set Average Average
removed correctables correctables
Reference grid from XT:1450 removed and CPE
No zone alignment or dummy wafer removed

Dual chuck mode

Modeling of raw overlay data shows that corrections

per exposure are needed for <10nm MMO vs. 1450
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Two EUV source concepts integrated and exposing

Laser-Produced Plasma (LPP) Electrical Discharge (LDP)

e Sn droplets ] Foll
CO2 drive - —_ trap
laser
Ay
I Grazing
Near normal
Sn coated collector

Multilayer collector

Rotating disc

* CO, laser ignites tin plasma * High voltage ignites tin plasma

* Debris mitigation by background gas * Debris mitigation by rotating foil trap
and possible magnetic field (Giga)

Suppliers: Cymer, Gigaphoton inc. Supplier: XTREME technologies GmbH

Presentation David Brandt (Cymer), Junichi Fujimoto (Gigaphoton Inc.), Marc Corthout (XTREME technologies GmbH)

///
October 17th NZA
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NXE Source power roadmap and LPP progress

Q3 2011

Q1 2012

Q4 2011

Power <10W

* Expose power ~35W and 80% duty cycle
* Dose Stability <+0.5%

* Qualified and implementation according to roadmap

Power 20-50W

Time (sec)

Q4 2012

Q3 2012

Q2 2012

Power >100W

* Expose power >100W with Pre-Pulse

* Feasibility completed at low duty cycle, no dose control

* Full feasibility to be completed H2 '11 for implementation
in H2 '12.

D
o

40
20

%Y
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NXE Source power roadmap and LDP progress

Q3 2011 Q4 2011 ‘ Q1 2012 Q2 2012 ‘ Q3 2012 ‘ Q4 2012

+ +
+
+

* 20 W qualified and implementation according to roadmap
* Progress beyond 20 W shown up to 30 W, 100 W feasibility to be completed H2 '11 for H2 ‘12 implementation
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NXE platform improving with NXE:3300B system

System

performance NXE:3300B

NA 0.33

Resolution 22 nm

(half-pitch) (18 nm with OAI)

Overlay

(DCO / MMO) 3.0/5.0 nm
125 wph

Throughput @ 15 micit

The NXE:3300B is a continuation of the NXE:3100 with

system common modules: stages, handlers, sensors, electronics & software

changed optical column: Improved resolution (0.33NA), increased transmission and
capability for off-axis illumination without energy loss

reduced system and sub-fab footprint
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First NXE:3300B body fully integrated and under vacuum

Vacuum in place

<
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Higher NXE:3300B optics transmission increases
throughput

Steeper angles

s’
3.0 steeper angles E
Design sketches
new layout

polishing
5 coatings
s 2.0
c
% hlgher sigma M Measurement
£ polishing B Design
@ coatings
c 1.0
|

A

Proto NXE:3100 NXE:3300

%
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Further resolution NXE:3300B extension with off-axis
illumination without light loss resolution extension below 16 nm
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= Annular
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New EUYV facilities will be available end 2011
NXE production capacity increases ~3x

4
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